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ionic, molecular macromolecular, protein
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traditional filterationmicro filteration ★
ultra filteration ★
reverse osmosis ★
dialysis ★
size exclusion chromatography ☆
ion exchange ☆★
distillation / freeze concentration
solvent extraction
centrifugation
sedimentation
electrodialysis ★ 
particle
Figure 1. 1 Typical separation techniques and approximate sizes 
of substances to be separated. 
(★：membrane separation，☆：chromatography)
size :
nano filteration ★
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 ???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
???????????? 
 
1. 2.? ???????????????????? 
 
?????????? IT???? 2????????????????????
??????????????????????????????????? IT ??
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
????????????????????? 1, 2, 8?????Table 1. 1??????
1-3
 
Table 1.1 Retention volumes of inorganic ions. 
Retention volume?ml? 
 
Ions Toyopearl HW-75S a)  TSKgel Styrene-250 b) 
 
IO3- 11.7 2.53 
NO3- 12.2 2.55 
I- 13.2 2.66 
SCN- 15.0 2.87 
a) poly(vinyl alcohol) gel, b) polystyrene-divinyl benzene co-polymer gel 
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 ????????????????????????????????????
?PVA?????? Toyopearl HW-75S??????????????????PS-DVB?
????????? TSKgel Styrene-250?????????????????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
?????PVA ????? PS-DVB ??????????????????????
??????????????????NO3-?I-?SCN-??????????????
?????-306?-287?-283 J/K mol??????????????????????
????????????????????????????????????????
???????????????????????????? 
?????????????????????????????????????
?????????????????????????DSC?3-17????????NMR?
16, 17, 19???????IR?13, 20??????? 21, 22???????? 18, 23-25??????
???????????????????????????????????????
???? DSC ????????????????????????????????
????????????????????????????????? 1 ?????
????????? DSC???????????????????? 4, 36? 
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 ?????free water???/??????????????????????? 
??????????????freezable bound water? 
??/???????????????? 
?????non-freezing water?????????????????? 
 
?????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
????????????? 2-4????????????????????????
?? 8, 27-32???????????????????????????? DSC????
???????????????????????????????????????
??????????????????????????????????????
??????????DSC ??????????????????????????
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 ???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
????????????? 
 
1. 3. ???????? 
 
?????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
??????????????????????”???”?????????????
??????????? Figure 1. 2???????????????????????
???????????????????????????????????????
??????????????????????????????????????
?Vm???????????????????(1)????????????????Vt?
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solute
KD
Polymer gel
Pore of polymer gel
KD：distribution coefficient
Water functioning as stationary phase (hatched)
Water functioning as mobile phase (gray)
Figure 1. 2 Models of water functioning as stationary phase (stationary 
phase water) and partition of solute
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 ??????????????????????????Vs???????????
?Figure 1. 3??????????????????????????????????
????????????????????????? 
Vs = Vt – Vm (1) 
1988??Shibukawa????????????????????????????
??????? 33????????????? a-d ????????????2???
?????????? 2????????? A???? B??????k??????
???????????????? 
 
?? a ??????????????????????????????????
???????????????????????????? 0.1?????
???????????????????????  
?? b  ??????????????????????????????????
???? 
?? c ??????????????????????????????????
???????? 
?? d  ??????????????????????????????? 
kAYX / k BYX? = kAWZ / kBWZ (2) 
1-9
 
- =
Volume of mobile phase (gray)
Polymer gel (white)
Volume of stationary phase water (hatched)
Total volume of aqueous phase in a column (gray)
（A）
（B）
Volume of mobile phase water in a column (gray) 
Volume of stationary phase water
Figure 1. 3 Schematic illustration of inner part of a columm (A) and estimation 
of volume of stationary phase water (B).
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 kAYX?????????? YX???????????? A????????? 
?????????????????????????????????????
?????????????????? 
kAYX = (VAYX – Vm) / Vm (3) 
VAYX?????????? YX ????????????????? A ??????
????(2)??(3)???????????(4)????? 35? 
Vm = (VAYX VBWZ - VAWZ VBYX) / (VAYX  + VBWZ - VAWZ - VBYX)   (4) 
Shibukawa???????????????????????DEX???????
???????PAA???????????????PVA?????????????
??????????????????(4)????????????????????
DSC???????? 3?????????? 36, 37??????????? DSC??
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
?????????????????????? 
 
1. 4. DSC??? 
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 DSC???????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
?????323 ?? 223K ???????????????????????????
???????????????????????????????????????
????2??????????????????????????????????
??????????????????????????????????? 223??
323K?????????????????????????????????????
???????????????????????????????????????
?????????????????????????????????Figure 1. 4?
???????????TSKgel Toyopearl HW-40S??????? DSC???????
??1. 2.???????????????????????????????????
??Figure 1. 5??????????????????wf?????????wfb?? DSC
??????????? 1g????????????????????????? 
wf = Q (?273 K) / ∆HWg (5) 
wfb = Q (<273 K) / ∆HWg (6) 
Q? DSC??????????????????????????∆H???????
????????????? 8?Q (?273 K)? Q (<273 K)????? 273 K??? 273 K
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Figure 1. 4 DSC curves of water sorbed in 
TSKgel Toyopearl HW-40S. Broken lines denote 
the DSC curve for pure water. 
cooling
heating
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Figure 1. 5 DSC heating curves of water sorbed 
in TSKgel Toyopearl HW-40S. Broken lines de-
note the DSC curves for pure water.  
(A) , hatched: freezable boound water; (B), gray: 
free water, (C): non-freezing water.
(B)
(A)
(C) no peak
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 ???????????????? 1g ????????wn????????????
??????????wt??? wfb? wf?????????? 
wn = wt - wfb - wf (7) 
??????????? 273K? 2?????????????????????
???????????????????????????????????????
????????????????????????????? 2?? Figure 2. 3??
? Table 2. 2?????????????????????????????????
???? 
 
1. 5. ???? 
 
???????????????????????????-N -????????
???????????????????14, 23, 24?????????????????
??-?????????PS-DVB??????4-6?????????????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
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 ???????????????14, 15, 23, 24????????????????????
?????????????????????????????????? 
?????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????PEG??????
?????????????????????????????????PEG????
?????????????????PEG?????????????????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
????????????????????????????? 
 
1. 6. ?????????????? 
 
?????????????????????????????????????
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 ???????????????????????????????????????
???????????????????????????????????????
??????????????????????????????????????
?????????????????????DSC???????????????
??? 
?????6?????????????????????????? 
?1???????????????????????????????? 
?2?????3??????????????????????????????
???????????????????????????????????????
??????????????????????????????????3????
?????????????????? 
1? Shibukawa???????????DSC?????????????????
?????????????????????? 
2? DSC?????????????????????????????????
???????????????? 
3? DSC??????3??????????????????????????
???????? 
?????????????????????????????????????
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 ???????????? 
?4???????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
????????????????????????????????????? 
?5???????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
???????????6???????????????????????????
??????? 
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? 2?? ?
LC? DSC?????????????????????????
???????????
 
2?1??? 
 
? 1???????????????????????????????????
? 1-3?????????????????????????? 4-6?????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
????????????? LC?????????????? PS-DVB??????
?????????????????????????? PS-DVB?????????
?????? DSC??? 2?3?????????????????????????
???????????????????????????????????????
??????? Shibukawa?????? LC? 7,8?????PS-DVB????????
?????????????????????PS-DVB??????????????
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DSC ????????????????????????????????????
?? PS-DVB???????????????????? 
 
2?2??? 
2?2?1??? 
 
???????????????????????????????????1-?
??????1-???????????2-????????????????????
???????????????????????????????????????
??????????????????????????????????? Milli-Q
??????????????? 
??? PS-DVB??????? TSKgel Styrene-60? Styrene-250????????
???????????Styrene-60?? Styrene-250????????? 60?250???
?? 
?????Merck ????????? 40???????40?104?????????
???????????????????????????????????????? 
 
2?2?2?LC?? 
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LC ?????????(L-6200??????)?UV ???(L-4000??????)?
????????L-2500????????RI ????ERC-7510???????????
????????ERC-3325????????LC ????????Model 556?GL ??
?????????????????????????? 0.8 ml/min?308 K????
???? 
PS-DVB???TSKgel Styrene-60?? Styrene-250??????????250?4.0 mm 
I.D?? 40 ??v/v??????????????????????????????
??????? 20 ??v/v??10 ??v/v????????????????????
???????????????????????????????????????
????????????GC?????????????????????????
??????????? GC?????????????????Model 805????
???????? 
 
2?2?3?DSC?? 
 
DSC??????????????? Styrene-60?Styrene-250??????????
???????????????????????????????????????
 2-3
 
????????? 3 mg ???????????????????????????
?????????????????????????????????? 
DSC ??????????????????????? DSC-120 ???????
? 298 K?? 223 K???? 2 K???? 223 K? 10????????? 223 K??
298 K?????K??????????? 2??????????????????
???????????????????????????????????????
???????? 
?????????????? 363 K????????????10 ???????
??????????? 1?????????wt??????????????? 
wt = Ww / Wg ??? 
??? Ww??? Wg?????????????????????????
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2?3?????? 
2?3?1? PS-DVB???????????? 
 
? 1???????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
?????????? LC???????????????????????????
????Vs??????2????????? 
Vs = Vt – Vm (2) 
??? Vt? Vm??????????????????????????? 
?????????????? PS-DVB ??????????? Vt??????
?????????????????? 8? 
Vm = (VAYX VBWZ – VAWZ VBYX) / (VAYX + VBWZ – VAWZ – VBYX ) (3) 
??? VAYX??????????? YX????????????? A??????
?????????????? 2??????????????? 2????????
????????????????????????????????????? NaCl
? NaClO4???????????????????IO3-, Br-, NO3-, I-, SCN-??????
??????????????????????Vint???????? 40??????
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??????????????????????????????Figure 2. 1??Table 2. 
1 ? Vint?Vm?Vt??? Vs????????????????????? Vm? Vt??
???????2??? PS-DVB?????? Vs? 0????????Styrene-60??
Vt = Vint????????? Styrene-250??? Vt > Vint??????????????
??????????????? Styrene-60???????????????????
??????Table 2. 1???? Styrene-250???????????????????
???????????????????????????????????????
???????????????????????????????????????
?????? 
 
2?3?2? PS-DVB????????????? 
 
Figure 2. 2?Styrene-60?Styrene-250????DSC??????????????
TSKgel Styrene-250?? 2????????????????TSKgel Styrene-60?? 1
?????????????????????????? 2???????? 260K?
?????????????? 1????????????????????????
???????????????????????????????????????
???????????????? DSC ????????Styrene-60 ?????
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(A)　gray：the interstitial or interparticulate volume in a column（Vint）
(B)　gray：the mobile phase volume（Vm）, hatched：the stationary phase volume（Vs）
(C)　gray：total liquid phase volume（Vt）
(A) (B) (C)
Figure 2. 1 Schematic illustrations of Vint, Vm , Vs and Vt 
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Table 2. 1 Vt, Vm, Vs and Vint values (ml) for the columns packed with 
PS-DVB gels 
 
polymer gel  Vt Vm Vs Vint 
 
TSKgel Styrene-60 1.32 1.25±0.05 0.06±0.05 1.34 
TSKgel Styrene-250 2.39 2.42±0.09 -0.03±0.09 1.23 
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Styrene-250
Styrene-60
Figure 2. 2 DSC heating curves of water incorporated in 
TSKgel Styrene-60 and Styrene-250.
 2-9
 
Styrene-250????? 2????????????????? 273 K????????
????????????????????????????Styrene-60??????
???????????????????????????????????????
???????????????????? 
Styrene-250??????? 1?????? 273 K???????????????
???????????????????????????? DSC ????????
??????????????????????Figure 2. 3?????? 3?????
??? Styrene-250???? DSC????????????????????????
???????????????????????????????????????
????????????????????????????????????????
????????????DSC???????????????? 1g???????
?wf??????????wfb??????? 
wfb = Q (<273 K) / ∆HWg (4) 
wf = Q (>273 K) / ∆HWg (5) 
Q? DSC??????????????????????????∆H?????
??????????????? 9???????????????????????
??? Table 2. 2.?????????????wfb? Figure 2. 3???????????
????????wf??????????wfb? wf???????2 ???3 ????
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253 263 273 293283
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T / K
273
Figure 2. 3 DSC heating curves of water incorporated in TSKgel 
Styrene-250. wt = 0.60 g / g dry gel
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Table 2. 2 wfb?wn values (g/g dry gel)? for TSKgel Ether-250 samples 
obtained in three consencutive measurements 
 
wt  wf + wfb 
  1st 2nd 3rd 
 
2.46 2.37 2.38 2.37 
2.38  2.25 2.25 2.30 
2.01 1.89 1.94 1.95 
1.71 1.57 1.59 1.56 
1.50 1.22 1.26 1.30 
1.15 0.93 0.96 0.98 
0.60 0.48 0.52 0.55 
0.39 0.33 0.34 0.35  
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????????????????????????????????????????
Styrene-250???? DSC???????????????????????????
???????Figure 2. 4?? 
???? 1g ????????wn???????wt??? wfb? wf???????
??? 
wn = wt - wfb - wf (6) 
???Styrene-60???Styrene-250????wn?wfb + wf?wt????????Figure 
2. 5??? Figure 2. 6???????? Figure?? wn??????????????
???? 0.1g?????????????????Styrene-250?????????wi?
? Table 2. 1??????????????? 
wi = (Vt – Vint) / ρ Wg (c)  (7) 
ρ ? 308 K????????????????????? LC??????????Wg 
(c)?????? PS-DVB????????????? wi? 1.49 g/g ????????
????????????????????? DSC?????????? wfb ? wn?
???????????????????????????????????????
????????????? 
PS-DVB ??????????????????????????? DSC ???
????????????????? 10????????????????PS-DVB?
 2-13
 
water molecule
gel networks
cooling / heating
Figure 2. 4 Model of  water molecules coming out of the 
pore of the gel in the crystallization or melting process
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Figure 2. 5　Dependence of wn and wf on wt in TSKgel Styrene-60.
Symbols: ○, wf ; ● , wn .
wt (g / g dry gel)
w
f a
nd
 w
n (
g 
/ g
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ry
 g
el
)
0 0.2 0.4 0.6 0.8 1
0
0.2
0.4
0.6
0.8
1
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wt (g / g dry gel)
w
f +
 w
fb
 a
nd
 w
n (
g 
/ g
 d
ry
 g
el
)
Figure 2. 6 Dependence of wn and the sum of wf and wfb on wt in 
TSKgel Styrene-250.
Symbols: ○, wf + wfb; ●, wn.
0 1 2 3
0
1
2
3
 2-16
 
????????????????????????????????Ishikiriyama ?
Todoki ? DSC ??????????????????????????? 11????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????? 12,13?Murase?
???????????????????????????????????????
???????????? 14, 15??????????????????? 273 K???
???????????????????????????????????????
??????DSC? LC???????? Styrene-250???????Styrene-250??
?????????????????????PS-DVB??????????????
????????????????????PS-DVB???????????????
???????????????? PS-DVB???????????????????
??????????????????????????????Styrene-250????
??????????????????????????????????????
?????? 
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2?3?3?PS-DVB?????????????? 
 
???????????????????????PS-DVB??????????
???????????????????????????????????????
??????k??????????????????? 
k = (VR – Vm) / Vm (8) 
VR???????????????Figure 2. 7 ? Styrene-60 ???? Styrene-250
? log k???????????????????? 1.09?????????????
??? 1 ???????????????? Styrene-60 ? Styrene-250 ???????
???????????????????????????????????????
???????????????????????????????????????
???????????? 
???????????????PS-DVB??????????????????
??????????????????????????????????????K?
?????? PS-DVB????????A????????????????????? 
k = K·A/Vm (9) 
??????Styene-250?Styrene-60??????????????????Styene-250
?Styrene-60??????k Styene-250?k Styene-60??????????????? 
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-0.25
log k (Styrene-60)
lo
g 
k 
( S
ty
re
ne
- 2
50
)
-1 0 1
-1
0
1
Figure 2. 7 Values of log k for Styrene-250 plotted against log k for Styr-
ene-60. Value in parentheses gives the slope of the plots. Symbols: △, 
methanol, ethanol, 1-propanol and 1-butanol; □,acetone and 2-buta-
none; ○, acetonitrile, propionitrile and phenylacetonitrile, ◇, nitrome-
thane, nitroethane and nitropropane. 
(1.09)
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log k (Styrene-250) = log k (Styrene-60) 
+ log [Vm (Styrene-60) / Vm (Styrene-250) ] 
+ log [A (Styrene-250) / A (Styrene-60) ] (10) 
???Figure 2. 7??-0.25????log [Vm(Styene-60 ) / Vm(Styene-250 )]?Table 2. 1??-0.29
???????????????Styrene-60???Styrene-250???????????
???????????????????????Styrene-60??Styrene-250????
??PS-DVB????????????1.235g?0.780g?????????Styrene-60?
???????????????????????????????????????
???????????PS-DVB????????????????????????
????????????????????????????? 
 
2?4. ?? 
 
PS-DVB?????????????????DSC????????TSKgel 
Styrene-250??3???????????????????????????????
???TSKgel Styrene-60????????????????????Styrene-250???
?????????PS-DVB??????????????????Styrene-60????
???????????????????????????????????????
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???????????????????????LC??????????????
??????????????????PS-DVB?????????????????
????????????????????????????????????
Shibukawa??????????????????????????????????
??????????????????????????????????????
?????????????PS-DVB??????????????????????
???????????????????????????PS-DVB????????
???????????????????????????????????????
??????????????????????????????????????
???? 
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? 3??
??????????????????????????????
??????????????????????
 
3?1??? 
 
? 1????????????Shibukawa??????????????????
??DEX??????????????PAM???????????????PVA??
????????????????? DSC????????????????????
????????????????? 1??????????????? 2??????
??????????????????LC ???????????????????
????? 1, 3, 4????????????????????????????????
????????????????PS-DVB???????????????????
???????????????????????????????????????
4??????????????????????????????????????
????????????????????????? 
?????????????????????????????????????
???????????????????????????????????????
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??????????????????????????????????????
????????????? 2????????? PS-DVB?? 4? Shibukawa???
?????????????? 1??????????? 
 
3?2??? 
3?2?1??? 
 
????????????????????????????????????1-
???????1-??????1-???????1-????????????????
????????????????????2-?????3-???-2-?????3?3-
????-2-?????????????????????????????????
???????????????????????????????????????
????????????????????????? Milli-Q??????????
????? 
???????????????????????? TSKgel Ether-250??????
???????????? TSKgel Toyopearl HW-40S?HW-50S?HW-55S?HW-75S??
????????????????? 2000?????2?106????????????
?????????????????????????????????????? 
 3-2
 
3?2?2???????????? 
 
LC??????????L-6200????????UV????L-4000????????
????????L-2500????????RI ????ERC-7510???????????
????????ERC-3325????????LC ????????Model 556?GL ??
?????????????????????????? 0.8 ml/min?308 K????
???? 
PVA???TSKgel Toyopearl HW-75S???????????300?8.0 mm I.D??
?????????????????????????????????363 K???
??????????????????????????????HW-40S?HW-50S?
HW-55S, 100?8.0 mm I.D; Ether-250, 150?4.6 mm I.D??????? 
 
3?2?3?DSC?? 
 
DSC ??????????????? TSKgel Ether-250?Toyopearl HW-40S?
HW-50S?HW-55S?HW-75S?? 1-8 mg ????????????????????
???????????????????????????????????????
???????????????????????????????????????
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?????? 
DSC ??????????????????????? DSC-120 ???????
? 298 K?? 223 K???? 2 K???? 223 K? 10?????????? 223 K?
? 298 K?????K????298 K? 10??????????? 2???????
???????????????????????????????????????
?????????????????????????????? 
?????????????? 363 K????????????10 ???????
??????????? 1?????????wt??????????????? 
wt = Ww / Wg ??? 
Ww??? Wg?? 2?????????????????????????????? 
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3?3.? ????? 
3?3.? 1?PEG?? PVA???????????? 
 
??????Vs??????????? 
Vs = Vt – Vm (2) 
Vt? Vm???????????????????????????????????
?? Vt????????????? 
Vt = (Wt(c) – Wg(c) / ρ  (3) 
ρ ? 308 K??????Wt(c) ? Wg(c)??????????????????????
?????????????Vm??????????? 2? 
Vm = (VAYX VBWZ – VAWZ VBYX) / (VAYX + VBWZ - VAWZ - VBYX)  (4) 
VAYX???? YX ??????????????????????? A ??????
???????? 0.1M NaCl?NaClO4?????????????????IO3-, Br-, NO3-, 
I-, SCN-???????????????????????????????????Vint?
?????????? 2000???????????????????????? 2000
????????????????????????? 
????????????????? Vt?Vm?Vs?Vint? Table 3. 1???????
? Figure 3. 1? 2?????????? Vt?Vm?Vs?Vint?????????????
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Table 3. 1. Vt, Vm, Vs and Vint values (ml) for the columns packed with 
Toyopearl HW-40S, 50S, 55 S, 75S and TSKgel Ether-250  
 
polymer gel Vt Vm Vs Vint 
 
Toyopearl HW-40S a 3.79 2.01±0.11 1.78±0.11 1.35 
HW-50S a 4.20 2.90±0.09 1.30±0.09 1.43 
HW-55S a 4.41 3.42±0.06 0.99±0.06 1.44 
HW-75S 12.5 11.7±0.05 0.79±0.05 5.58 
 
TSKgel Ether-250 1.881.43±0.02 0.45±0.020.61 
 
a Data from Ref. 1 
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(A)　gray：the interstitial or interparticulate volume in a column（Vint）
(B)　gray：the mobile phase volume（Vm）, hatched：the stationary phase volume（Vs）
(C)　gray：total liquid phase volume（Vt）
(A) (B) (C)
Figure 3. 1 Schematic illustrations of Vint, Vm, Vs and Vt 
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?????Vt > Vm > Vint ????????????????????????????Vm 
- Vint????????????????Vt - Vm = Vs???????????????? 
 
3?3.? 2?PEG? PVA????????????? 
 
Figure 3. 2? TSKgel Ether-250?Toyopearl HW-40S?Toyopearl HW-75S???? DSC
??????????????Ether-250 ? HW-75S ?? 2 ????????????
???HW-40S ???????????????HW-50S ? HW-55S ? DSC ???
HW-40S???????????????????????????????????
???????????????????????????????????????
???????????????????? DSC????????? 
Figure 3. 2????????????????????????????????
????????273 K???????????273 K??????????????
????????????????Ether-250? HW-75S???HW-40S?HW-50?HW-55S
? Shibukawa ?????????????????????????????????
?????????? PS-DVB ??????????????????????? 2
????????????????????? 2 ????????????????
PS-DVB???????????????????????????????????
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Toyopearl HW-75S 
←
En
do
th
er
m
ic
Temperature (K)
283263 273253
Toyopearl HW-40S
Ether-250 
Figure 3. 2 DSC heating curves of water sorbed 
in TSKgel Toyopearl HW-40S, HW-75S and 
TSKgel Ether-250. Broken lines denote the DSC 
curves for pure water. 
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???????????????????????????PS-DVB????????
???????????????????????????????????????
?????Ether-250 ? HW-75S ????????????????????????
????????PS-DVB???????????????????????????
?????????????????????????????PEG? PVA????
???????????????????????????????????????
?????????????????????????????? 1g ???????
?wf?????????wfb????????????? 
wf = Q (?273 K) / ∆HWg (5) 
wfb = Q (<273 K) / ∆HWg (6) 
Q? DSC??????????????????????????∆H???????
????????????? 5?Q (?273 K) ? Q (<273 K)????? 273 K??? 273 
K ????????????? 1g ????????wn???????wt??? wfb?
wf?????????? 
wn = wt - wfb - wf (7) 
Figures 3. 3-3.7? HW-40S?50S?55S?75S?? Ether-250? wf? wfb? wt????
???????wf? wt????????????????? wfb? wn???????
?????????????wf = 0???????wt???????wfb???????
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Figure 3. 3 Dependence of wf, wfb and wn on total water content 
for Toyopearl HW-40S. 
Symbols: △, wf; □, wfb; ○, wn.
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Figure 3. 4	 Dependence of wf, wfb and wn on to-
tal water content for Toyopearl HW-50S.
Symbols: △,wf; ◇, wfb; ○,wn.
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Figure 3. 5	Dependence of wf, wfb and wn on total wa-
ter content for Toyopearl HW-55S. 
Symbols: △,wf; ◇, wfb; ○,wn.
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Figure 3. 6 	Dependence of wf, wfb and wn on total wa-
ter content forToyopearl HW-75S.
Symbols: △,wf; ◇, wfb; ○,wn.
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Figure 3. 7	Dependence of wf, wfb and wn on total wa-
ter content for TSKgel Ether-250. 
Symbols: △,wf; ◇, wfb; ○,wn.
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wn??????????????????????????? PEG??? PVA???
????? PS-DVB???????????????? 
??????wx?????? wfb??? wn??????????wx???????
???? 
wx = ρVs / Wg(c) (8) 
ρ ? 308 K????????????????????????Sr???(9)?????
??? 
Sr = Wt(c) – Wg(c) - ρVint (9) 
Ether-250 ? HW ????? wx? Sr? wfb??? wn???? Table 3. 2 ????
Ether-250 ? HW-75S ?? wn??? wx?????????????????????
Ether-250 ? HW-75S ?????????????????????????????
???????HW-40S?HW-50S?HW-55S ???? Shibukawa ????? DEX ??
? PAA??????? 1????????????????????????????
??? 
??????????????????????????????HW?????
??????????????????????????????????????
HW??????????HW-75S????????????????????Table 3. 
3?????? HW-75S??????? HW????????????????????
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Table 3. 2.   wfb, wn and wx and Sr values (g/g dry gel) for Toyopearl 
HW-40S, 50S, 55S, HW-75S and TSKgel Ether-250 
 
polymer gel  wfb wn wx Sr 
 
Toyopearl HW-40S a 0.61±0.01 0.40±0.02 1.02±0.06 1.40 
HW-55S a 0.61±0.02 0.40±0.03 1.06±0.07 2.28 
HW-55S a 0.56±0.01 0.37±0.00 0.96±0.06 2.93 
HW-75S 0.07±0.02 0.31±0.10 0.30±0.05 2.59 
 
TSKgel Ether-250 0.59±0.05 0.44±0.05 0.49±0.02 1.38 
 
a Data from Ref. 1. 
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Table 3. 3. Some physical properties of Toyopearl HW-40S, 50S, 55 S, 
75S and TSKgel Ether-250 gel beads a  
 
polymer gel beads particle size exclusion limits pore diameter 
  (µm)  (MW)  (nm) 
 
Toyopearl HW-40S 10-40 2.10×103 - 3.90×103  
HW-50S 20-40 1.26×104 - 2.34×104  
HW-55S 20-40 1.05×105 - 1.95×105  
HW-75S 20-40 5.00×106 - 11.5×106  
 
TSKgel Ether-250 5 -  25 
 
a Manufacturer’s data. 
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Table 3. 2????????HW-75S? Sr? HW-55S????????????????
Blue Dextran 2000????? HW-75S??????????????? HW-75S???
???????????????????????HW??????????????
??????????????????????????PVA???????????
???????????????????????????????????????
?? 6-8?Takigawa ? 8??????????????????? PVA ???????
??????????PVA???????????????????????????
??????????? PVA???????? PVA???????????????
??????????????????? 2????????? 2??? PVA???
?????????????????PVA?????? PVA???????????
??????????2?????????????? 398 K???????????
??????????????????????????????? PVA ?????
??????????????? PVA ?????????????????????
????????????????HW-40S?HW-50S?HW-55S??????????
????????HW-75S? PVA????????????????????????
????????????????????????????Figure 3. 8?? 
????????????? PVA ?????????????????????
??????????????????????HW-40S?HW-50S?HW-55S????
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(B)(A)
Figure 3. 8 Models of the structure of the gels
(A) 'homogeneous' gel phase
(B) 'heterogeneous' gel phase
microcrystalline polymer-rich 
domain (whilte)
stationary phase water (gray)
polymer solution phase (mosaic)
pore
gel beads
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??????? PVA???????????????????HW-75S???????
PS-DVB ??????????????????????HW-40S?HW-50S?HW-55S
????????????????????????????? 
Ether-250 ???? HW-75S ???????????????PEG ???????
?????????????????????? 9-11?Graham? 9? PEG??????
???????????? 1???????? 3??????????????????
?????????? PEG ?????? 7 ???????????????????
???????????????????PEG ?-CH2-CH2-????????????
?? 1 ???? 3 ????????????????????Ether-250 ??????
??? 1?????????????? wn???????? 1.1??????????
????????????????Ether-250 ??????????????????
???????Graham??????????? PEG???????????????
????????????????? 2?????? PS-DVB???????????
???????????????????????????????????????
?????? 4????? Ether-250???????????????????????
??????????PS-DVB?????????????????????????
??????????????????PS-DVB????????????? Ether-250
? HW-75S??????????????????????????????????
 3-21
 
?????????????????????????? 
 
3?3?3?PEG???? PVA?????????? 
 
PEG ???? PVA ????????????????????????????
???????????????????????????????????KD???
??????????????? 
KD = (VR – Vm) / Vs (10) 
VR ?????????????????????????????????????
???????????????????????????????????????
??????????KD ???????????????????????????
??KD??????????????????????Figure 3. 9? HW?????
?????? log KD?????HW-40S???? HW-50S?HW-55S?HW-75S? log KD
?????????????????????? HW-50S?HW-55S?HW-75S????
? 1.03?1.11?1.61???????? HW???????? wx??????? PVA?
?????????????????????HW-40S?HW-50S?HW-55S?????
PVA?????????????????????????????????????
????????????????????????????????PVA?????
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Figure 3. 9 Values of log KD for Toyopearl HW-50S, HW-55S and 
HW-75S plotted against log KD for Toyopearl HW-40S. Values in 
paretheses give the slopes of the plots. Symbols: △, methanol, etha-
nol, 1-propanol, 1-butanol,1-hexanol, benzyl alcohol and phenethyl 
alcohol; □, acetone, 2-butanone,3-methyl-2-butanone, 3,3-dimeth-
yl-2-butaone, 2-pentanone, 4-methyl-2-pentaone, 3-pentanone and 
2,4-dimethyl-3-petanone; 〇, acetonitrile, propionitrile, butyroni-
trile, benzonitrile and phenylacetonitrile; ◇, nitromethane, nitro-
ethane, nitropropane and nitrobenzene. 
Data from Toyopearl HW-40S, HW-50S and HW-55S  are from 
Ref. 1.
0.14
0 0.5 1 1.5
0
1
2
log KD (HW-40S)
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K
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HW-50S (1.03)
HW-55S (1.11)
HW-75S (1.61)
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?????? wx????????????????????????? 
????????????? HW-50S?HW-55S ???? HW-75S ???????
???????????????????????? HW-75S???????????
???????????????????? Figure 3. 10 ???? HW-75S ????
Ether-250 ??????????????????????????????????
??????? HW-75S ? HW-40S ?????????????????????
HW-75S? Ether-250?????????????????????? PEG?-CH2-CH2-
???? PVA ?-CH2-CH-???????????????????????????
??????? 
 
3?4??? 
 
?????????????????????????????????????
?????????????????DSC?????? PEG??? PVA??????
3??????????????????????????????????????
???LC ??????????????????????????????????
???????????????????????????????????????
????? 
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(1.23)
Figure 3. 10 Values of log KD for TSKgel Ether-250 plot-
ted against log KD for Toyopearl HW-75S. See Figure 3. 9 
for details.
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HW-40S?50S?55S????????????????????????????
??????HW-75S ? Ether-250 ???????????????????????
???????????????????????????????????????
??????HW-40S?50S?55S ??????????????????Ether-250 ?
HW-75S???????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
???HW-75S ? Ether-250 ??????????????????????????
????????? PVA??????? HW-75S? Ether-250???????????
????????????????????? PVA??? PEG??????????
??????? 
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? 4??
??????????????????????????????
??????????????????????? 
 
4?1??? 
 
??????????????????????????????????????
???? 1-4???????????????????????????????????
????????????????????????????????????????
???????????????DSC?5-19??????????NMR?17,18,20??????
?? 21-23????????????????????????????????????
????????????????????????????????????????
??????????????????????????? 
? 3 ????????????????????????????????????
??????? DSC???????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
???????????????????????????????????? 
?????PEG ???????????????????????????????
????????????PEG??? DSC?????????????????????
?????PEG???????????????????????????????????  
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4?2??? 
4?2?1??? 
 
????????????????????????????????? PEG?4000
?????? 2700-3400????????????????2-?????3-??????3-
???-2-?????3?3-????-2-????????????????????????
??????????????????2-??????????????????????
????????Milli-Q?????????????? 
???????????????????????????????? 50??w/w??27?
(w/w)????????????? 
 
4?2?2??????  
 
50 ml???????? PEG?????????????????????????
??? 30 g????????????????????????? 100 µl????10??
???????25?????????????????????3000 rpm? 10?????
????????????????????????????????????????
??????????????????? HPLC????????????? HPLC??
????????????????????????? HW-40S??????????100 
mm? 8 mm I.D.???????????????????????????? PEG???
????????????????????????????????????????
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??? 10 mM????????????????? 
????????????????????????? TSKgel Ether-250 ?????
?????150?4.6 mm???????????????10mM??? 0.1M??????
?????? 3??????????????????????????????TSKgel 
Ether-250???????????????????? 0.1M??????????? 0.1M
????????????????????????????????????????
??? 
 
4?2?3? DSC?? 
 
2-8mg? PEG??? DSC???????????????????????????
????????????????????????????????????????
????????????????????????????????????????
???DSC ??? DSC120??????????????????????? 298K ??
223K???? 2K?????223 K? 10???????298K????????????
???223K ?? 298K ? 10 ???????????????????????? HPLC
????????????????DSC ?????????????????????
362K ????????????????????????? 1g ?????????wt?
???????????? 
wt = Ww / Wg (1) 
Ww? Wg??????????????????????????????? 
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 4?3?1? PEG-??????????????????????????? 
 
Figure 4. 1? 298K???? PEG-(NH4)2SO4???????????????????
??????????????????????????? 2??????? 
??????????????????????????????D????????? 
D = CT / CB (2) 
CT? CB?????????????????????log D?????????????
??????∆wi?????????????????????? 24-26? 
log D = a∆wi (3) 
a?????????Figure 4. 2??? Figure 4. 3????????????????? log 
D ????? PEG ????∆wPEG?????????????????????????
?????????∆wPEG?????? log D ????????? PEG????????
????????????????????????????????????????
?????????????????????(3)??????????????????? 
???????????????????????????????? 27??????
???????????????????????? 
????? A?????????????????????????????????
???????(µsolute)????????????? 
µsolute  = µsolute o + 2.3 RT log X solute + V soluteΦA 2? (δsolute -δ A) 2  (4) 
µsolute o???A????????????X solute ????????????Vsolute?????
????δΑ?δsolute??????A???????????????ΦA?????????A
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Figure 4. 1 	Phase diagram for an aqueous PEG-
(NH4)2SO4 two-phase system. Temperature: 298 K
one phase
two phases
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DwPEG, %
lo
g 
D
Figure 4. 2  log D values of ketones in an aqueous PEG-
(NH4)2SO4 two-phase system as a function of DwPEG.
Symbols:  , 3-methyl-2-butanone; ¢ , methlyethlyke-
tone;  , acetone.
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Figure 4. 3 log D values of nitro compounds in 
an aqueous PEG-(NH4)2SO4 two-phase system as 
a function of D wPEG. Symbols: □, nitropropane; 
△, nitroethane; ○, nitromethane
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???????(4)????ΦA????R ? T ?????????????????? 
???????????????4???????????????????????
????????????????????????????????????????? 
µ solute top = µsolute o + 2.3 RT log X solute top + Vsolute (φ top) 2? (δsolute -δ mix) 2  (5) 
µ  solute bottom = µsolute o + 2.3 RT log X solute bottom + Vsolute (φ bottom) 2 (δ solute -δwater) 2  (6) 
δ
 mix?????PEG????????????????????δwater??????????
???????????????????????A?????????????? 
µ solute top =? µ solute bottom (7) 
?5?????????????????? 
log (X solute top / X solute bottom) = 
 Vsolute / 2.3RT [(φ bottom) 2 (δ solute - δ water) 2 - (φ top) 2 (δ solute- δ mix) 2 ] (8) 
?????????????PEG???????????????PEG?????(φ 
PEG 
 top)???????????(φ water  top)?????(9)?????????? 
φ top = φ PEG  top + φ water  top = 1  (9) 
??????????????????? 
φ
 bottom = 1 (10) 
????????????????????(δ mix)?PEG??????????δ PEG??
????????????????????????? 
δ mix = δ PEG φ PEG  top + δ water φ water top  (11) 
?9???????(11)???(12)??????????????? 
δ mix = δ PEG φ PEG  top + δ water (1- φ PEG  top) (12) 
?????????(13)??????????(13)??(9)-(12)???????????
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???log D????(14)?????? 
D = X solute top / X solute bottom (13) 
log D = Vsolute / 2.3 RT [2 φPEG (δSolute - δwater ) (δPEG- δwater) - (φPEG) 2 (δPEG - δwater) 2] (14) 
?????????∆ wi ???????????(13)??(14)??????????  
log D = b ∆ wi - c (∆ wi) 2 (15) 
b = 2Vsolute / 2.3 RT (δSolute - δwater ) (δPEG- δwater) 
c = Vsolute / 2.3 RT (δPEG - δwater) 2 
?(15)???????????Figure 4. 4????Figure 4. 4?Figures 4. 2-3?????
???PEG???????????????????????????????????
??????????????????????PEG?????????PEG?????
????????????????????????????????????????
?????????PEG???????????PEG????PEG???????????
??????????????????????????????PEG????????
???????????????????????????????? 
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D wPEG, %
lo
g 
D
Figure 4. 4 illustration of relationship between log D 
and D wPEG by Eq. (15). 
log D = b D wPEG - c ( D wPEG)
 2
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4?3?2?PEG?????????? 
 
Figures 4. 2- 3?????????PEG??????PEG?????????????
???????????????????????????????????PEG???
?????????????DSC??????? 
Figure 4. 5 ?PEG???DSC???????????1c????2c?????2???
?????????????1c??????2????????????????????
???????????????????????Figure 4. 6 ?PEG???DSC????
????????????????????1h????2h?????2?????????
??DSC??????????????????2??????????????????
??????????2??????????????????????????????
DSC???????????????????????????????? 
???????????????????????????3???????????
???PEG?????????????????2h???????????????1h ?
????????????????????????????????????????
??????????1g???????1h???w1h?????2h???w2h??DSC???
?????? 
w1h = Q1h / ∆HWg (16) 
w2h = Q2h / ∆HWg (17) 
Q1h ? Q2h ?DSC????????1h?????2h?????????????????
????∆H ????????????????????????? 9??????wn? ?
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Figure 4. 5 DSC cooling curves of aqueous PEG solu-
tion. Total water content, wt (g /g dry polymer), is: a, 
8.94; b, 2.32; c, 1.00; d, 0.44.
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Figure 4. 6 DSC heating curves of aqueous PEG 
solution. Total water content, wt, (g/g dry poly-
mer) is: a,  8.94;  b, 3.93, c, 2.32; d, 1.50; e, 0.44.
a
b
c
d
peak 1h
peak 2h
←
　
en
do
th
er
m
ic
e
 4-13
 
?????????wt???w1h?w2h?????????? 
wn = wt - w1h - w2h (18) 
Figure 4. 7?PEG?????w1h?w2h ???wn?wt????????????????
wt???????w2h?????w1h?wn?w2h???????????????w2h???
????????w1h?wt????????????wn?w1h?????????????
???????????????????????????????????????1h?
2h?????????????????????????????????????2h?
????????????????????????????????????????
???????? 
???Table 4. 1????w1h???wn??????????????Figure 4. 7?Table 
4. 1???PEG???????wt ?1???w2h ???????????????????
????50%(w/w)?????????????????????????Figure 4. 2?
Figure 4. 3?????????????????????????????????????
PEG-?????????????????????????????????????
?? 
 
4?3?3?PEG-??????????????PEG???????????? 
 
PEG-(NH4)2SO4?????????????????PEG??(Ether-250)??????
?????????(LC)????????????????3?????????Ether-250
????????????????????????????????????????
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Figure 4. 7 Decpendence of  w2h, w1h and wn on total wa-
ter content for aqueous PEG solution.
Symbols: ○, w2h;△, w1h;□, wn.
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Table 4. 1  wfb, w1h and wn values (g/g dry polymer) for aqueous PEG 
solution 
 
w1h wn 
 
aqueous PEG solution 0.88 ± 0.03 0.13 ± 0.06 
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?? 28, 29????????????????????????????????????
??????????????2????3?????????????????????
??????2?3??????PEG??(Ether-250)????????????Vs?????
??????? 
Vs = Vt – Vm (19) 
Vt? Vm??????????????????????????????Vt?????
?????? 
Vt = (Wt(c) - Wg(c)) / ρ (20) 
ρ ? 308 K?????????Wt(c) ? Wg(c) ???????????????????
????????, ??????Vm ???????????? 30? 
Vm = (VAYX VBWZ – VAWZ VBYX) / (VAYX + VBWZ – VAWZ – VBYX) (21) 
VAYX ???????????YX????????????A?????????????
??????????NaCl????NaClO4?????????????IO3-, NO3-, I-,SCN- 
?????PEG-(NH4)2SO4?????????????????????????Ether-250
?????????????????????????????KD??????????
??? 
KD = (VR – Vm) / Vs (22) 
VR ????????????PEG-(NH4)2SO4 ????????????????
(NH4)2SO4??????????????????????? LC???????????
??????????? (NH4)2SO4?????????????????????? 10mM, 
0.1M???????????????????????????KD??????????
????????????????????????????????????????
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????????????????????????? HPLC ????????????
??????0.1M ?????????????????????????????? log 
KD?????????? log D???????????Figure 4. 8? log KD ??????
?????????????? PEG???? 25%?28%?38??42??59???????
????? log D ????????????????????????????????
??LC??????????????????????????????????? 1?
?????????????????????????????? Ether-250??????
??? PEG ???????????????????????????? PEG ????
??????????????????? 
????????????? PEG??????????Figure 4. 9?????????
??????????????????????? 1 ????????????????
??????????? LC ????????????????? 1 ?????????
???????????????????????? LC ??????????????
?? PEG ??????????????????????????????? Ether-250
???????????????????????????Figure 4. 9????????
?? 58%????????Ether-250 ???????????????????? PEG ?
?????????Cgel (c)?????? 67 %??????? 
Cgel (c) = Wg (c)  / (Wg (c) ? ρVs)  (23) 
Wg (c) ??????Ether-250???????????????????????????
?PEG??????????????????????????????????????
Ether-250??????50wt%???????PEG?????????????PEG????
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lo
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D
log KD
Figure 4. 8 Values fo log D for aqueous PEG-
(NH4)2SO4 two-phase systems plotted against log KD val-
ues for Ether-250. The three solutes are: 1, nitrometane; 
2, nitroetane; 3, nitropropane. D wPEG =: ○, 49%; □,  
42% ; △, 38%; ▲, 28%; ●, 25%.
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slope of log D vs. log KD plot
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Figure 4. 9 Relationship between D wPEG and slope of log D 
vs. log KD plot.
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????????????????????????????????????????
31-33??????3???????????Graham??PEG?????????????PEG
????7???????????-CH2CH2O-????????????????????
??????31????????PEG????????PEG??????????????
????????????????????????????????????????
?????????2?????????????????????4. 3. 1??DSC???
??4. 3. 1???????PEG???????????????????????????
???????????Ether-250???????PEG????????????????
?????????????3??????Ether-250????????????? 
???Figure 4. 8???????????????????????????????
????????????????????????28, 34???????????????
????????LC????????????????????????LC??????
????????????????????????????????????????
????????????????????????????????????????
?????????????????????????????????0???????
???????????????PEG????????????PEG?????????
???0???????????????????Figure 4. 8?????????????
PEG????????????-0.13?-0.13?-0.10?-0.08?-0.20????????????
???????????????????????????????Ether-250?????
????????????????????????????????????????
????????????????????????????????????????
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???????? 
??????????????????????????????????????
????????????????????????????????????????
??????????????????????????????????????? 
 
4?4??? 
 
PEG-(NH4)2SO4????????????????????????????????
??PEG???????????????????????????????PEG?????
??????????????????? 
PEG???????DSC?????????????????????????????
????????????????????????????PEG???50????????
??????????PEG-????????????????????????????
PEG?????????????????????????PEG?????????????
?????????? 
PEG???????PEG?????????????????????????????
?????? Ether-250????????????????????????? 
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? 5? 
???????????????????????????????
?????????????????? 
 
5?1??? 
 
?????????????????????????????????????
??????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
??????????? 1???????????????????????????
???????????????????????????????????????
???? 
Wang ?????????????-????????-????????????
????????? Cu?II???????????????????????????
???? 2?Akama????????????????????????? Co, Cu, Fe, 
Zn 3, ?? Cr(VI) 4????????????????????Fontana? Ricci???
??????????PEG?????????????????? Cu(II)-1,10-????
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????-?????????????????????? 5?????Shibukawa??
PEG-????????????????????????????????????
?????Mn(II), Fe(III), Co(II), Ni(II), Cu(II), Zn(II), Cd(II), Li(I)??????????
???????? 6??????????????????????Cu(II)??????
???????????????????????????? Cd(II)????????
????Zhang ?? PEG-?????????? Au(CN)2-?????????????
?????????????????????????? 7? 
???????????????????? PEG-??????????????
?????-?????????????????????????????????
?????????????? 
 
5?2??? 
5?2?1???????? 
 
??????????????????????????????? U-3210 ??
???????????????????????? SPS? 1700H ICP???????
?? PEG??????????????? 
?????? TOA HM-7E pH????? pH?????? 
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?????????????????????????????????????
???????????????????Milli-Q?????Millipore, Benford, MA, USA?
????????????????????????1010 mg l-1??????????
???DMG??????Merck?Germany?????????????DMG??? DMG 
1g? 0.01 mol l-1?????????? 100ml??????????????????
?????????PEG????????????? 380-420????????????
?? PEG??????????m.p.6°C?? 
???????????????????????????????? JSS No. 
650-10 SUS 430????????? 
 
5?2?2????? 
 
????(II)??????? 20????????? 5ml ? 4??????????
??? 10ml????10 mol dm-3 NaOH???? pH12.0?0.1???????????
???1?????????????? 1ml???? 10?20?????? Ni(II)-???
?????????????????100ml ???????????????????
?? 20ml??????????????????????? 10.0ml????????
? 9g????1????????????????????? PEG????????
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?????????????????????????????? 470 nm?????? 
 
5?2?3???????? 
 
????? 100 mg??????? 4ml???????????????????
??????, ?????? 2ml??????????????????? 100ml??
????? 5.0ml ? 20ml ???????????????????????????
?? 2ml??????????????????? 3???????????????
???????????? 20ml????????????? 0.5g???????? 12
?????? 8???????????????????????? 30???????
????????(III)?????? No.5A????????? 1ml?????????
??????????????????????-????????????????
???? 
?????????????????????????????????? 
 
 5-4
 
5?3?????? 
5?3?1?????-??????????????? 
 
????-?????????????PEG-?????????????????
?????????????????365nm? 470nm?????????Figure 5. 1??
365nm ??? 470nm ?????????????????????????????
?????? 470nm???? 
????-????????????????????????????????
????? pH????????????????????????????????
?????????????????????????? 25ml??????????
??????????????????? 9.0g????? 
 
5?3?2?pH??? 
 
????-??????????????????? pH???? 25ml?????
?25µg???????????????????? 1ml?? PEG 10ml???? pH 8-13
????????????????????? ICP-AES????????? Figure 5. 2
????????????-????????????????? pH 12??????
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Figure 5. 1 Absorption spectrum of Ni-dimethylglyoxi-
mato complex in polyethylene glycol-water vs. blank; 
Ni, 2.75 m g / ml
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Figure 5. 2 pH effect on absorbance of Ni-dimethyl-
glyoxime complex in aqueous PEG-(NH4)2SO4 system
wavelength: 470 nm; Ni : 25 m g; PEG#400 : 5.0 ml; 
conc.H3PO4 : 1ml; 20% NaC4H6O6: 5ml
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??????????????-????????????? pH 12??????? 
 
5?3.? 3?PEG??? 
 
25ml ??????30µg ?????????? 9g ??????????????
PEG?????????????????????? PEG 10ml?? 15ml?????
99??102??????Figure 5. 3???????????????????PEG/???
??? 10/25???? 
 
5?3.? 4????????????? 
 
?????????? 0.61-2.1ppm ???????????????????PEG
???????? 2.5-40µg ??????????????????-????????
?????????????????? 40 ???????????????????
?????????????????????????? 5 ???????????
???????????????????-???????????????????
???? 9??????????????????????? 
 5-8
 
0 5 10 15 20
0
25
50
75
100
Ex
tra
ct
io
n,
 %
Amount of PEG, ml
Figure 5. 3 Effect of amount of PEG on the extraction of Ni-
dimethylglyoximate with 25ml of constant sample volume; 
PEG: 10.0 ml; Ni: 30.3 m g; (NH4)2SO4: 9.0 g.
 5-9
 
5?3.? 5???????? 
 
???????????????Cl-, NO3-, ClO4-, SO42-, Co2+, Cr3+, Cu2+, Fe3+, Mn2+?
????????????HCl, HClO4, HNO3, H2SO4?????? 1ml?? 0.1ml???
???? 10µg?? 25ml???????????Cr3+, Cu2+, Fe3+, Mn2+????????
???????? 25µg?????????????Table 5. 1???Table 5. 2 ????
HCl, HClO4, H2SO4, Co2+, Cr3+, Fe3+, Mn2+??????????HNO3, Cu2+ 10µg, Fe2+ 
500µg ????????????????????????-???????????
???????????????????????????????????????
???????????????? 
 
5?3?6???????????? 
 
?????????????????????? JSS 650-10??????????
???????????????? Table 5. 3??????????????????? 
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Table 5. 1 Effect of mineral acids on the determination of nickel 
 
Acid Added/ml Ni  
 added/µg Ni found/µg 
Hydrochloric acid 1.0 10.1 9.8 
 0.1 10.1 10.1 
Nitric acid 1.0 10.1 5.0 
 0.1 10.1 10.1 
Perchloric acid 1.0 10.1 9.8 
 0.1 10.1 10.1 
Sulphuric acid 1.0 10.1 10.1 
 0.1 10.1 10.2  
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Table 5. 2 Effect of foreign ions on the determination of nickel 
 
Foreign ion Added/µg Ni  
 Added/µg Found/µg 
 
Co(II)  100 25.3 25.3 
Cr(III)  100 25.3 24.8 
Cu(II)  50 25.3 5.5 
 10 25.3 7.5 
Fe(III)  500 25.3 29.0 
 100 25.3 25.7 
Mn(II)  100 25.3 25.4   
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Table 5. 3 Determination of nickel in low nickel stainless steel certified 
reference material JSS 650-10a 
Sample taken/mg Ni 
 Found, % Recovery, % 
  
110.0 0.385 98.7 
102.6 0.370 94.9 
103.7 0.390 100 
100.8b 0.367 94.1 
100.8b  0.407  104 
   
a  Provided by The Japan Iron and Steel Federation. 
The certified values of Ni and Cu are 0.39 and 0.038 %, respectively. 
b 2.4 mg of Cu added. 
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5?4??? 
 
????-??????????????????????????? PEG???
????????????????????????????????????, Cu2+ 
? Fe2+?????????????????????????????????? 
????-??????????????????????????????? 
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? 6??
?? ? 
 
?????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
??????????????????????????????????????? 
?2?????3?????????????????????????????
???????????????????????????????????????
?????????????????????????????????3?????
?????????????????? 
1. Shibukawa???????????DSC??????????????????
?????????????????????????????? 
2. DSC?????????????????????????????????
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????????????????????????? 
3. DSC??????3???????????????????????????
????????????????? 
????2?????????PS-DVB?????????????????????
????????????????????????????PS-DVB?????????
????????????????????????????????????????
????????????????????????????????????????
?????? 
???? 3 ????? HW-40S?50S?55S ?????????????????
???????????HW-75S ? Ether-250 ??????????????????
?????????????HW-40S?50S?55S?????????????????
???Ether-250 ? HW-75S ??????????????????????????
???????????????????????????????????????
???????????????????????????????????????
??????????????????????HW-75S ? Ether-250 ???????
???????????????????? 
?4???PEG-??????????????????????????????
????????????PEG??????????????????????????
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?????PEG????????????????????????PEG???????
DSC???????PEG???50?????????????????????????
PEG-??????????????????????????PEG?????????
????????????????????PEG??????PEG??50????????
????????????????PEG?????????????????? Ether-250
?PEG???????PEG????????????????????? 
?5??????????-???????????????????????????
PEG???????????????????????????????????????, 
Cu2+ ? Fe2+???????????????????????????????????
??????????-?????????????????????????????? 
??????????????????????????????????????
???????????????????????????????????????
????????????????????????????????????????
????????????DSC????????????????? 
?????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
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???????????????????????????????????????
??????????????????????????????????????
???????????????????????????????????????
??????????????????????????????????????
???????????????????????????????????????
???????????????????? 
 6-4
 
 ? ? 
??????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
?????????????????????????????? 
??????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????? ????????????????????
?????????????????????????????? 
??????????????????????????????????????
????????????????????????????????????????
???????? 
? ? ??????????????????????????????????????
???????????????????? 
2005?? 1?? ???? 
 
 
????? (?????) 
1, Liquid Chromatography and Differential Scanning Calorimetry Studies on the States of Water in 
Polystyrene-Divinylbenzen Copolymer Gels, T.Baba, M. Shibukawa, T. Heya, S. Abe, K. Oguma, 
J. Chromatogr. A 2003, 1010, 177-184?? 2?? 
 
2, Solute Retention and the States of Water in Polyethylene Glycol and Poly(vinyl alcohol) Gels, 
T.Baba, R. Sakamoto, M. Shibukawa, K. Oguma, J. Chromatogr. A 2004, 1040, 45-51?? 3?? 
 
3, Aqueous two-phase extraction of nickel dimethylglyoximato complex and its application to 
spectrophotometric determination of nickel in stainless steel, N. Yoshikuni, T. Baba, N. Tsunoda, 
K. Oguma, Talanta, in press (? 5?) 
 
 
 
 
 
 
